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CHAPTER V EPILOGUE
In this thesis, we discussed the derivation of quantun kinetic
equations appropriate for appl icat ions in nuclear physics, both in a
non-relat ivist ic and in a rerat ivist ic context. rn each case ve obtained a
kinetic equation together with an equation for the effect ive interaction.
The latter serves as the dynanical input of the former. In the kinetic
equation both nean-f ield and col l ision effects are described in a
serf-consistent vay because both are expressed in terms of the effect ive
in te rac t Íon .  Th is  se l f -cons is tency  en forces  us  to  sorve  a  s ta t i s t i ca l
problem (kinetic equation) and a dynamical problem (effect ive interaction)
simultaneously. The interaction, that we obtained as a result of our
considerations, is a general ized version of the usual Brueckner G-matrix i .n
the sense that single-part icle energies are corrected for col l is ion effects
by the so called rearrangenent-term, 0nly in this vay kinetic theory and
interaction are consistent vi th one another and therefore consti tute a
conserving approximation.
To acquire the complete nunerical solut ion of this problern wil l  be a
very dif f icult  task ( i f  possible at al l) .  In practice one usually recurs to
simulat ions of the col l islon process. Up to now this has been done by
invoking the quasi-port icle opproainotion as werr as the semi-classical
l imit.  However fron our considerations in chapter 3 i t  vi l l  be crear that
above 100 Mev/nucreon this approximation is no longer valid because the
inaginary part of the self energy is non-negltgible in this energy donain.
It  would be of great interest to account for thls fact in the slmulat ions
and investigate to vhat extend i t  affects the col l ision dynarnics.
Another interesting nev feature to investigate lr i th these sinulat ions
is the spin i lepenilence of the col l ision process. Since the nucleon-nucleon
interaction i tself  is strongly spin dependent ve night expect that the same
is true for the col l iding nucleus-nucleus systen. In the relat ivlst ic case
we expl ici t ly treated the spin degrees of freedom in the derivation of the
kinetic equation. As a result ve obtained a (2x2) matrix equation in spin
space in whi.ch the dri f t  term preserves i ts usual form but where in the
col l ision term both the gain and the loss contr ibution consists out of two
terms only dif fering in their spin structure. I Ie remark that the spin
s t ruc ture  o f  the  k ine t ic  equat ion  vou ld  be  equ iva len t  in  the
n o n - r e ] a t i v i s t i c  c a s e .
N e x t ,  v e  d i s c u s s e d  t h e  r e l a t i v i s t i c  k i n e t i c  e q u a t i o n  i n  n o r e  d e t a i l .  A
most  sa t is fy ing  fea ture  o f  i t  i s  the  proper  inc lus ion  o f  the  cor rec t
dynamics ,  i .e .  the  one g iven by  ïhe  D i rac-Brueckner  appraoch inc lud ing  the
rear rangemenr  te rm.  Recent1y t l02 l ,  i t  became c fear  tha t  the  re la t i v is t i c
in te rac t ion ,  as  compared to  the  non- re la t i v is t i c  one,  has  a  comple te
d i f fe ren t  dens i ty  dependence due to  the  use  o f  e f fec t i ve  sp i .nors .  Th is
a l te ra t ion  prov ided an  add i t iona l  sa tura t ion  mechan ism,  and resu l ted  in  a
bet te r  descr ip t ion  o f  nuc lear  mat te r  p roper t i .es  in  equ i l ib r ium.  I t  vas  one
of  the  na in  ob jec t ives  o f  the  l -as t  chapter  to  inc lude th is  in te rac t lon  in  a
k ine t ic  theory .  In  the  resu l t ing  re la t i v is t i c  k ine t ic  equat ion  the  Lorentz
components  o f  the  se l f -energy  appear  (v ia  the  s i .ng le*par t j . c le  energy) .  Under
Lorentz  t rans format ions  these conponents  t rans form in  a  d i f fe ren t  vay .  Th is
genu ine  re la t i v is t i c  fac t  migh t  have s ign i f i can t  consequences  in  heavy- ion
co l l i s ions  a t  h igher  bombard ing  energ ies .
Desp i te  these sa t is fy ing  fea tures  the  k ine t ic  equat ion  su f fe rs  f rom a
number  o f  shor tcommings .  F i rs t  o f  a l l ,  a t  h igher  energ ies  the  exp l i c i t
man i fes ta t ion  o f  nesons ,  de l ta ,s ,  kaonrs ,  e tc .  shou l -d  be  accounted  fo r .  Th is
shou ld  be  done by  inc lud ing  these par t i c les  in  the  Lagrang ian(1481 and
fo l lov ing  a  s imi la r  p rocedure  as  vas  done here .0 ther  omiss ions  o f  the
re la t i v is t i c  k ine t ic  theory  fo rmula ted  in  th is  thes is  a re  the  inc lus ion  o f
negat ive  energy  s ta tes ,  fo rmfac tors  and po la r isa t ion  cont r ibu t ions  in  the
in te rac t ion .  Hovever  these ques t ions  shou ld  in  the  f i rs t  p lace  be  cons idered
in  an  equ i l ib r ium theory  be fore  i t  makes  any  sense to  cons t ruc t  the
non-equ i l ib r iu r í  vers ion  o f  i t .
In  th is  thes is ,  ve  concent ra ted  on  the  fo rmal  der iva t ion  o f  quanturn
k ine t ic  equat ions .  Th is  i s  the  f i rs t  s tep  in  the  exp lo ra t ion  o f  the
d i f f i cu l t  nuc lear  co l l j . s ion  theory .  The nex t  s tep ,  o f  course ,  i s  to  check
the  va l id i ty  o f  the  approx imat ions  invoked.  Th is  shou ld  be  done by  exp l i c i t
caLcu la t ion .  Hovever ,  the  ca lcu la t ions  (s i rnu la t ions)  made thus  fa r ,  do  no t
take  in to  account  any  o f  the  po in ts  tha t  l re  ment ioned above v iz .  the
se l f -cons is tency ,  the  l im i ted  va l id i ty  o f  the  quas i -par t i c le  approx imat ion ,
the  sp in  dependence and the  D i rac-Brueckner  e f fec t i ve  in te rac t i .on  inc lud ing
the rearrangement tern. Once these calculat ions are performed, they
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